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be unfair to take the efficiency of the rotary at full load and the other
types of apparatus at three-quarter load. In the table, however, effi-
ciencies are given without regard to this additional advantage on the
part of the rotary. T h e machines are compared designed with the same
liberality and same factor of safety in insulation and mechanical
strength.

Attention.—-In the amount of attention required to keep a machine
clean and in good running condition, the rotary converter is just twice
as good as its competitors. There is only one machine to keep clean
instead of two, and, moreover, the easy commutation enables the carbon
brushes to run for years with only the slightest wear.

Floor Space.—In the matter of floor space, the rotary is again at the
head, provided the transformers can be placed in a lower or upper
storey, as is often the case. T h e floor space of the rotary is 77 sq. f t . ;
of the motor-generator 164 sq. f t . ; and of the motor converter 117 sq. ft.
In addition to this, the starting motor of the rotary (if. required) takes
up a few square feet, as does also the starting box of the motor con-
verter. A comparison of the floor space of 500-k.w. sizes is still more
in favour of the rotary.

DISCUSSION.

The T h e CHAIRMAN (Mr. T. L. MILLER1) : Before opening the discussion,
Chairman, j g h o u ^ like to make one or two remarks on the paper. T h e author

has presented the case between the converter and the motor generator
very fairly. He states that such rotaries as he has met with which
have given trouble are of ant iquated design, but no doubt we shall
hear a good deal of difference of opinion with regard to the operation
of rotaries and motor generators . In the past there has undoubtedly
been very considerable difficulty with running rotaries at 50 or 60
PU. Of course the most important point for the central station
engineer is continuous running. T h e matter of efficiency is a very
trifling one compared with a shutdown, which would be likely to cause
a greater financial loss than any slight gain in efficiency.

T h e author has drawn attention to the fact that the voltage varies
on the D.C. side with that on the A.C. side with the rotary, and has
pointed out how that could be got over, but all such additions cost
money, and if there is an advantage in price, then every additional
appliance put on means a reduction of that advantage, and I should
like to have from Mr. Walker some figures with regard to the cost
of the motor generator with the extra appliances. I think the majority
of us are concerned with what we can buy the machinery at, and
no doubt during the evening we shall have some figures with regard
to the relative cost.

There is another point in regard to the operation of rotaries
which I should like to refer to. In a paper read before the American
I.E.E., reference is made to trouble experienced when rotaries are
run in parallel from one bank of transformers. It appeared from the
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discussion that that arrangement had in a number of cases given rise The
to a very great deal of trouble, but that these troubles were obviated Chairman-
by putting with each rotary its own bank of transformers. I should
be glad to know if the author has experienced that trouble.

Mr. S. L. PEARCE : What few remarks I have to make I make Mr- Pearce.
from the point of view of the central station engineer, and more
particularly from that of one who has had at some time or other most
of the types of plant mentioned in the paper under his control. I do
not propose to go into the technical points in connection with the
design of motor generators and of rotary converters. There are, of
course, a very large number of interesting points in connection with
the design of rotaries, but more particularly of the 50-ro rotaries,
which of necessity are bound to have a very large number of poles
and a large number of commutator bars, with comparatively small
centres between the brush collectors. All those are points which
I hope will be brought out later on, as bearing on the question
whether the 50-P0 rotary is really a good piece of electrical appa-
ratus or not. The author divides the use to which rotaries may
be put under practically three headings. He instances first of all
traction plants. He then goes on to mention in the second place
the • use of rotaries for electrolytic work, and instances the Car-
ville sub-station of the Castner Kellner Company. I was in that
particular station a few weeks ago, and was somewhat surprised
to see alongside the rotary plant, three motor-generator sets, of
600 k.w. capacity. It would be of interest to know why it was
found necessary to put motor generators alongside the rotaries in
the Castner Kellner station. The third and most important point
is the question of using rotaries at 50 00 for combined lighting
and tramway work, and one cannot fail to be struck with the very
slow advance made in the past few years with the installation of
rotaries on 50-P0 circuits. It may be said that this is due to
prejudice on the part of station engineers. I prefer to think it is not
due altogether to prejudice, but to certain well-defined and clear
opinions that English engineers have with regard to the comparative
merits of the operation of rotaries and motor converters on high
frequency circuits. I have only this evening returned from a most
interesting visit to the Continent. During a course of inspection of
some of the large plants operating there, I have come in contact with
a good many engineers, and am much impressed with the fact that
there is on the Continent, as in England, a very deep-rooted objection
to the use of rotaries on 50-00 circuits. With regard to the author's
statement that opinion was beginning to waver in the face of facts,
and that there were a large number of 50-oj rotaries being put
down in the country, it will be interesting if he can give us a list
of this plant, and also the size of the units. I think the 1,500-k.w. sets
referred to are at Brighton, and there the voltage on the D.C. side
is low, being only 250, which makes a considerable difference in the
design of the machine. I have been informed, I do not know
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Mr. Pearce. whether correctly or not; that at Brighton, where only one turbine
is run at Southwark power station, and one rotary is run in the
town, that at times of light-load oscillations are set up on the line,
and they are obliged to put in a second turbine to stop that oscilla-
tion. The author brings out very clearly the good points of the
rotary converter and the motor converter as against the remaining
types enumerated, and the most unbiassed mind cannot fail to be
struck with the fact that the first two machines are bound to be the
machines to be utilised in the future.

Taking the first point in the paper—the question of starting—there
is no question that for rotaries operating at 50 r \ j there are really
only two practical methods for starting, viz., by means of a small
induction motor at the end of a shaft, or starting from the D.C. side,
and the former is undoubtedly preferable. At 25 r o it is possible
to start up on the A.C. side, and it is done invariably in the case of the
first machine on the Central London Railway system, but it is not easy,
because there is often a difficulty in getting the field to build up to the
right polarity, and a large amount of time is often wasted in so doing.
With regard to starting up motor converters, they, of course, can be
started up from the D.C. or the A.C. side, but the latter is preferable.
The author has got a little bit adrift as to the method of starting up
motor converters; it is only a small detail, but I will say this, that of
all the types of sub-station machinery that I have had under my control,
I consider there is nothing so good as the motor converter as regards
the ease with which it can be got into synchronism. The author deals
with the question of the tendency for the rotary converter to reverse
its polarity. I do not know how far that is prevalent in up-to-date
machines, but it certainly is a serious nuisance on many occasions on
the Central London Railway system.

Now we come to the question of parallel running, and I am bound
to state that the 250-k.w. set referred to at the Polygon sub-station has
run satisfactorily in synchronism with Stuart Street and in parallel with
existing sub-station motor-generator sets. The conditions, however, are
very good. The variation in the frequency of the Stuart Street supply is
under 1 per cent.; under the worst conditions the maximum variation
was i£ per cent, and it frequently came down to half of 1 per cent. I
do not think that is bad at all. As regards the voltage, the average is
1 per cent, either way from the mean. In all large central stations
some engines may govern better than>others, but the facts are as stated.
In the case of the many converter sets installed on the Manchester
system we have never experienced the slightest trouble as regards
parallel running.

The author states that it is not true that the motor converter has a
greater synchronising power than the rotary. I do not know whether
that is so, but it appears to me that, as all motor converters of the latest
type are wound for 12 phases—and I am not sure whether that is a
standard practice—the synchronising power of the motor converter
must obviously be greater than that of the rotary. The author's
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statement is not correct with regard to the parallel funning on the Mr.'Pearce.
D.C. side, that all types stand on the same footing. Take the case of
the rotary converter, every fluctuation on the A.C. side has a correspond-
ing fluctuation on the D.C. side, but in the case of the motor converter
half the D.C. energy is generated energy, and depends, of course, on
the periodicity. ; .

With regard to the question of the variation of voltage, I agree with
the author that, in cases where the A.C. supply is exceedingly variable,
it is preferable even under those conditions to employ converter plant,
and to use a voltage regulator so as to keep the D.C. voltage constant.

The next point touched upon is the question of hand regulation of
voltage, with which also is more or less bound up the question of
variation in power factor. The author mentions four methods by
which hand regulation can be accomplished, and the first is by means
of putting a self-induction into the transformers. That does not appear
to me to be a method that has a great deal to commend it. I think
there will be some little difficulty in calculating the exact amount of
self-induction that is required in the first place, and it seems to me that
the preferable arrangement would be to add self-induction by.means of
a separate coil or separate chokers, which could be altered, if found
•necessary, later. On looking at the curve in Fig. 2 it will be seen that
even with the method advocated by the author of putting self-induction
into the transformers, the power factor varies from 8 per cent, to 9 per
cent, for a 5 per cent, up and down, or a total of 10 per cent, voltage
regulation. That appears to be too wide for practical working con-.
ditions. The second method advocated for hand regulation' is by
means of an A.C. booster, and that- undoubtedly is a very pretty and
beautiful arrangement, but it adds very considerably to the cost, a point
which was brought out 'by the chairman in his remarks, and, in com-
paring cost between machine and machine, one must know what the
accessories are going to cost. It is only right to state, of course, that
with the A.C. booster one can get perfect control over the power factor.
The third method mentioned was by means of the induction regulator,
and that is, I think, open to the objection stated in the paper. The
fourth method is rarely used, and very little information is forthcoming
upon it. I have here some results of tests carried out at the Dickinson
Street sub-station on 500-k.w. motor-converter plant operated at full

, load. At 420 volts on the D.C. side the power factor was unity ; rising
up to 450 we got 98 per cent., leaving, that is, practically 7 to 7^ per
cent, alteration in the D.C. voltage with only 2 per cent, variation in
power factor. That is exceedingly striking, and brings out the main
points of difference on the question of hand regulation between the
rotary converter and the motor converter. The author, I think,
minimises the question of power factor, but it must be remembered
that, taking the Manchester sub-stations, they are running practically
all day at 420 volts, and it is only for a very short period of the. day,
during the peak of the load, that the voltage is raised to 450 volts; so
that for the bulk of the twenty-four hours they are working on a poor
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Mr. Pearce, power factor, which becomes unity or slightly leading for a very short
period only of the day. Therefore it seems to me that the method of
putting self-induction into the. transformer is really not good enough for
practical work.

With regard to the question of commutation, the test to which
the author refers on the 50-rvj 250-k.w. rotary converter is extra-
ordinarily good, and the machine proved to be most stable, the results
being excellent, but I will go so far as to say that the motor converter,
from the records available, is very little inferior to the rotary converter,
even on that point. I have been informed quite recently by the
resident engineer on the Great Western Railway that six 600-k.w.
motor converter sets installed there had stood dead shorts on the line,
and never showed the slightest tendency to flash over, and as regards
overload, I can only say that those machines at the Great Western
Railway have carried, I think, 1,000 k.w. for one hour with perfect
commutation without undue heating. On the Manchester sets I have
run the 500-k.w. motor converters arranged with commutating poles,
with 800 k.w. for a solid hour, and the 250-k.w. sets with a load of
450 k.w., for the same period, without sparking and undue heating, and
I think the results are quite good enough for practical working.

Regarding the risk of breakdown, it is a very novel argument to be
advanced, and it would have been just as well if it had been omitted
from the paper, as it did not bring out any very good points in favour
of the rotary converter. Moreover, it seems to me that the paragraph
is quite misleading, because the author states that there is no high
voltage on the running machine. Where is the high voltage on any
portion of the running machine ? Is it not just as safe to have the
high voltage on the stator as on the transformer ? What is the voltage
we get on the rotors of the converters ? I have known transformers
give quite as much, if not more trouble than the stators of any motor
converters.

We now come to the question of efficiencies, and there the author
is quite right in his statement that the rotary converter does show
a superiority to any other type of converting apparatus. I do not
think it is as much, however, as he makes out. We recently invited
tenders in Manchester for 1,500 k.w. converting plant, and on the
maker's own showing there was only a difference at full load of i£ per
cent. I do not doubt the figures put forward for rotaries are correct,
but I am quite certain that the figures put forward for the motor con-
verters are good, because I have proved up to the hilt that the figures
obtained on smaller sizes have been surpassed. I am of opinion that
for all day in and out running there is not much more than i£ per cent,
margin in favour of the rotary converter.

With regard to cost, that question is a little bit outside the scope
of the paper, but I can only say that the logical deductions drawn as
to the cost of rotary plants are not borne out in practice. A good many
conditions govern the market price, but as far as the buyer is concerned,
my experience is not exactly what has been forecasted.
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With regard to the general conclusions on the subject, there is Mr. Pearce.
no doubt about it that if one is going in for rotary converter plant,
the plant must be carefully designed, having in view the conditions
under which it is going to operate, and most accurately adjusted.
It is no good buying rotaries promiscuously, and putting them down
on any system. The author has referred to rotaries running in the
Polygon sub-station; no more ideal site could be found. The sub-
station is situated in the centre of the Manchester system, is heavily
loaded, and the rotary is set to run on a steady lighting load. I do not
say all rotary converters are stable, or all rotary converters unstable,
but I do say that in adopting rotaries at 50 ("\j we shall be cutting
down to a pretty fine point the line between a stable and an unstable
machine, and looked at from that point of view, it seems to me that we
are running a risk of decreasing their factor of safety.

Mr. LA COUR : I have been much interested in this paper, which Mr.
deals with such an important subject. In a number of respects, how-
ever, my views differ from Mr. Miles Walker's, and I should particu-
larly like to define what I claim to be the correct status of the motor
converter. As the 50-00 motor converter generally consists of an
induction motor coupled in cascade with a 25-00 12-phase rotary
converter, it is evident that it closely resembles an ordinary rotary con-
verter worked in series with a stationary transformer. From this the
advantages will readily be understood which a 50-00 motor converter
possesses over a 25-00 rotary converter. The two types differ
principally in three respects : first, as regards the revolving mass;
secondly, as regards the reactance; and thirdly, that the motor con-
verter is working half as a motor generator and half as a rotary
converter. The author claims that the small mass and low reactance
of the rotary converter is advantageous. I think the other way about.
It has long been known that the 50-00 synchronous motor generator
which has large revolving masses and a fair amount of reactance is a
much better machine than the rotary for stability ; from this it is
obvious that the 50-00 motor converter must have an advantage over
the 25-00 rotary. Let us, for example, take the extreme, and consider
the behaviour of a 25-00 rotary with negligible mass and reactance—
that is, with an immense synchronising force. Such a machine would
follow the engines in all their irregularities in speed and the lights
would flicker. In my opinion, therefore, the motor converter stands
at good advantage in this respect, since it possesses a fair amount of
flywheel effect and reactance; the first tends to steady the system, and
the second prevents the motor converter taking up a large synchronising
current which consists of higher harmonics when running light. The
revolving field of the induction motor also has the' same effect, so that
the motor converter does not take any synchronising current at all.
The ratio between the flywheel effect and synchronising force is
naturally made so that no mechanical resonance can take place between
the converter and any of the prime movers on the system and so dis- ..
turb stability. From experience extending over many years it has been
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Mr. - ; proved that'machines with large synchronising forces and small fly-
wheel effect are more liable to cause hunting than machines with a fair
amount of reactance and flywheel effect.

The reactance voltage of a transformer designed on normal lines is
about 3 to 4 per cent, of the working pressure, while the reactance of
an ordinary induction motor varies between 15 per cent, and 20 per
cent. It is, of course, possible to design a transformer with more
reactance and an induction motor with less ; but as the reactance of a
transformer and machine of given proportions increases with the number
of turns, an increase in reactance means more copper and less iron,
and as it is well known that iron is cheaper than copper, it is quite
clear that an increase in the reactance over a certain limit (which is
fairly low in the case of a transformer) will increase the cost of the
apparatus.

The commutation, of a 50-rvj motor converter, is theoretically
. considered, inferior to the 25-00 rotary, but by means of commu-
tating poles it is possible to obtain sparkless running with well over
100 per cent, overload, which meets most requirements. As the over-
load capacity of rotaries is generally limited by hunting and not by
sparking, as the author appears to think, it is easily seen that the
50-Ou motor converter from the operation point of view is superior to
the 25-rv) rotary and far superior to the 50-rvj.

As regards efficiency, the rotary naturally has a slight advantage,
which amounts to i£ per cent, for a 1,000-k.w. set at full load. The
50- and 60-00 rotaries have many poles, high peripheral speeds and
small distances between the brush spindles, so that these machines are
more liable to hunt and flash over than the motor converters and
25-Oj rotaries.

As regards the contention that the motor converter is a faf more
satisfactory machine on the higher frequency circuits than the rotary,
we have but to refer to plants in operation in Great Britain and the
United States. The Seattle Electric Company, which take a part of their
power from the Snouqualmic Falls Power Company, claim to have the
largest installation of rotaries working on 60-00 circuits in the United
States. During the years 1900-1904 much trouble was experienced,
they frequently flashed over at the brushes, and hunting and flickering
in the lights was quite common. Although the trouble could not
entirely be attributed to the rotaries, they were undoubtedly responsible
to a great extent, and in spite of the experience gained during the time
they have been working, their performance still leaves much to be
desired. The commutators still require the use of sandpaper at least
once a week, and many attempts have been made to obtain a suitable
brush. With the motor converter such troubles are practically un-

. known.
The machines of the motor-converter type recently supplied to

the Great Western Railway are of the latest, design, being provided
. with commutating poles and they can withstand 100 per cent, overload

without signs of sparking. On one occasion an iron-bar was acci-
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•dentally dropped across the connections. of one of the machines Mr.
leading to the busbars, causing a dead short; the machine vibrated La Cour'
violently but did not flash over.

The statement which the author makes with regard to the Westing-
house Company supplying rotaries which will stand 50 per cent,
overload continuously without heating, appears to indicate that there
are certain features in the design of rotaries over which they have
no control. It is obvious that a machine cannot do this without
an abnormal amount of material, which the customer pays for. The
question of initial outlay, however, the author wisely considers outside
the sphere of the paper.

The remaining points which are raised against the motor con-
verter I think quite unnecessary to consider, as the various statements
which have from time to time appeared in favour of these machines
have been amply borne out in practice.

In conclusion, I feel convinced that the motor-converter plant has
distinct advantages over the other forms, especially on the higher
frequency circuits, and that a 50-OJ motor converter can meet all
ordinary requirements and at the same time prove a much better
all-round article than any rotary or other machine on the market.

Mr. J. H. BOWDEN : In calling for tenders for motor generators at \ir.
Poplar we asked the contractors to put forward alternative suggestions, Bowden-
and orders were placed with Messrs. Bruce Peebles for motor con-
verters on account of the low cost and the great simplicity of their
proposal. With regard to reversal of polarity, a small exciter is
suggested in the paper ; this is a complication. There is no tendency
in a motor converter to reverse. I do not agree with the author that a
rotary is easier to synchronise than a motor converter. The needle .
seems to stop longer in the position denoting synchronism starting
from the D.C. side, and other complications are not advisable if
avoidable. The induction regulator, for instance, requires an air-blast
and other accessories. The author speaks of 50 per cent, overload for
an hour or two. If. this is the case and the efficiency does not drop
with the overload, why do they not rate these machines higher ? With
regard to the question of attention, the Poplar motor converters are
only shut down for three hours per week, and one can hardly demand
less attention than that.

Mr. J. S. PECK : I have been told frequently that there exists a strong Mr. Peck,
prejudice in Great Britain against the rotary converter, but I have
never fully appreciated it before. It has been stated by a preceding
speaker that transformers cannot be made with very high reactance.
This is not correct, as transformers can be built for any reactance
desired. Ordinarily very considerable trouble is taken in order to
keep the reactance low. If a transformer is desired with a high
reactance it will, in general, be cheaper than one with a low reactance.
The objection to high reactance in transformers or other apparatus is
that it impairs the regulation. Transformers have been built with so
high a reactance that they will stand a short circuit without taking
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Mr. Peck. more than full load current. A motor converter may be short-circuited
without damage provided there is sufficient reactance in series with it
to keep down the current to a low value. The same can be said of any
other type of alternating-current machinery.

A question has been asked regarding the possibility of operating
rotaries in parallel from the same transformers. In general it is not
advisable to operate rotaries in parallel from the same A.C. busbars.
If, however, the transformers are provided with separate secondaries,
one for each rotary, as many rotaries as desired may be operated from
the same bank of transformers.

I think the whole question amounts to this : Can the 50-00
rotary converter be made to operate with perfect satisfaction ? The
best answer to this question is that there are thousands of kilowatts of
50-, 60-, and even 6 6 - P O rotaries in highly successful operation in
Canada, in Mexico, and in the United States, and during the past year
a large number of 50-Oj rotaries have been installed in Great
Britain. Troubles have, however, been experienced with rotary con-
verters for both low arid high frequency work. Some trouble was
experienced with the rotaries on the Underground Railway in London,
due to the fact that they flashed over when violent short circuits
occurred on the D.C. side. It was found, however, that the rotaries
would stand enormous overload without flashing, and that they flashed
only when a short circuit occurred just outside the sub-station—a con-
dition under which any well-designed machine would fail.

Recently a case has been brought to my attention where a rotary
flashed over. On investigating the conditions I found that this
occurred only when 150 per cent, to 175 per cent, overload was
suddenly thrown off the machine. I asked what a D.C. generator
would do under similar conditions. The reply was that a D.C. gener-
ator would probably flash over before they could get any such over-
load upon it, but that a rotary was expected to give very much heavier
overloads than a D.C. generator.

A few days ago I visited a station where several motor converters
were installed. Two of the machines were operating at half load
without sparking. When the load on one machine was reduced from
£ to £ load, the brushes sparked violently and had to be shifted.
The remainder of the load was thrown off, the brushes sparked again,
and had to be readjusted. Thus, in going from half load to no load,
two adjustments of the brushes were required, yet these machines had
been pronounced eminently satisfactory. I think that if a rotary con-
verter had been installed in which two adjustments of the brushes
were required in going from half load to full load, it would deserve to
be called a miserable failure, yet the motor converter is said to be
entirely satisfactory. The motor converter was invented in 1899 by
Maurice Leblanc. About two years later it was invented independ-
ently by B. G. Lamme.

Mr. cramp. Mr. W. CRAMP : Although I should like to give help to the side
of the author and the rotary converter, I must confess myself unable to
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do much in that direction. He admits that the real machine that Mr. Cramp,
central station engineers want is one which will transform high tension
alternating current to low tension or 6oo-volt direct current, and allow of
voltage regulation ; and while starting from that point of view, which
is perfectly fair, he proceeds to compare the simple rotary converter
with the motor converter, the motor generator being admittedly out of
the question at the present moment. He mentions the need of trans-
formers under certain circumstances where the advantages of trans-
formers come in, but when it comes to the question of floor space, and
to one or two other items in the table given at the beginning of
the paper, as, for instance, regulation, power factor, attention, cost,
and so on, there the necessity for transformers apparently drops out.
There is one question that has not been touched upon as yet, and that
is the extra complication of the svvitchgear. It seems to me that if we
compare the switchgear required for the motor converter as against
that required for the rotary converter, there alone is a very great
advantage on the side of the motor converter. The switchgear for the
latter is much more simple, and as far as the risk of breakdown is con-
cerned the risk is certainly greater in my estimation in the rotary-con-
verter system with its switchgear than it would be in the motor-
converter system, and certainly the connections'are more complicated
in the former case. But apart from those considerations, a case which
has been forgotten is the central station in which voltage regulation is
not of such very great importance, and particularly a low frequency
central station. There it seems to me the rotary converter might well
hold its own against the motor converter. One might say, indeed, that
the true comparison really existed, not as the author had drawn it,
between the rotary converter and the motor converter, but between
the rotary converter and its accessories, and the motor converter and
its accessories; so that where there is a traction system alone and
voltage variation does not very much matter, there the rotary converter
will be adopted ; while for anything in the way of a lighting system, or
combined lighting and traction system, the motor converter has the
lield, and will keep it.

Mr. H. M. SOUTHGATE : There seems to be an idea that the author Mr.
has touched lightly on question of cost because it is unfavourable SouthSate-
to the rotary. Prices to-day are determined very largely upon
competition rather than upon the actual cost of manufacture. Price
in mbst cases is the determining factor in award of contracts. I do
not think there is any doubt but that the same firm making both
rotary converters and motor converters will find the actual cost to be
lower for the rotary complete with stators, oil, starting motor, and even
A.C. booster if necessary. Practically the same switchgear would
be required in each case, as there is no need of apparatus in the static
transformer secondaries with the exception possibly of isolating
switches, which would cost but little.

There are two schools in the United States regarding high
periodicity rotaries. The lack of success of the General Electric
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Mr. Company with 6o-(\j rotar ies was such -that they at an early date
011 ga e' took the stand for motor generators for higher periodicity work.

T h e West inghouse was so satisfied with the high periodicity machines
that in de termining the periodicity for a 30-mile in ter-urban system
60 c\j was put in ra ther than wait a few weeks for 25-rv) appara tus .
T h a t was ten years ago.

Mr. Schoepf. Mr. T. H. S C H O E P F : In 1889 and 1900 I was responsible for four
t ramway sub-stations equipped with rotary converters operat ing on
the supply system of 60 c\j, and the operation, in every particular,
of these machines gave entire satisfaction for the two years I was
with the t ramway. One of the sub-stations was equipped with six
300-k.w. rotary converters with start ing motor, the swi tchboard com-
prising six A.C. panels, six D.C. panels, and five feeder panels.
One day, I undertook to start all six machines and switch on
the five feeders within ten minutes from the t ime of enter ing the
building. This was actually accomplished within 9^ minutes, and I
d o not think equally good results could be obtained with motor
converters . I know of only one ' ins tance in two years in which a
rotary had " flashed over " or " bucked," and that one was due to an
inexperienced a t tendant leaving the brushes out of the neutral position
after cleaning the machines .

Upon an inter-urban railway, the Union Tract ion Company of
Indiana, a test was made to de termine the length of t ime a rotary
converter could be operated continuously without shut t ing down.
After three months ' satisfactory operation the machine was shut down
to renew the carbons on the D.C. side.

Concerning the admit ted difference of efficiency in favour of the
rotary converter as compared with the motor converter, suppose
we assume a 1,000-k.w. set with average all-day load of 600 k.vv. and
a difference of efficiency of 1 per cent., which, with power at £d. per
unit, results in an annual saving of ^109. This capitalised at 5 per cent,
is ^2,000, which may be expended in rotary converters to place them
on the same basis with motor converters as regards first cost.

Mr.whysaii. Mr. F. H. WHYSALL : On the question of starting up, we have
installed at Dickinson Street station four motor converters, and I find
that the average time taken to start up is two minutes for everything
for each motor converter. We can do it in less; the entire operation
has. been done in one minute twenty seconds. I think that is very
good, and better than Mr. Schoepf's record. Personally, I should be
very glad indeed to have some experience of the author's booster
regulated sets. I really believe that they will work satisfactorily,
and in comparison with other types that have been mentioned, they
would stand a very good chance. I think the question of first outlay
is a most important one in connection with this matter. The booster
regulators and other accessories seem to cost money, and that is
a point that influences engineers in purchasing converting machinery.

Mr. Field M'"* M. B. F IELD {communicated) : There are few men better
qualified than the author of this paper to discuss the vital points
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6f the design of • rotary converters and motor generators, an'd it was Mr! Field,
with a feeling of much regret that I found all " State secrets " zealously
guarded and excluded. The author merely deals with the pros and
cons' of the subject from the user's point of view, with, I presume
the twofold object of eliciting a beneficial discussion and dispelling
the strong prejudice which he alleges exists against rotary converters.
I quite agree with the author as to the existence of this prejudice,
but I think the performance of the early rotaries, as supplied, is solely
to blame therefor. The author appears to me to characterise all
such rotaries of doubtful behaviour as antiquated, and if this contention
be upheld,'station engineers must bear in mind that rotaries have in
the past become antiquated while yet in the prime of life, and a due
allowance should be made in the assessment of their plant-value for
such antiquation. The discussion of the relative merits of these two
classes of converters will never, I suppose, cease, there will always be
advocates for each system, and to my mind it amounts to six of one
and half a dozen of the other. l

It appears to me that the only case the author has made out
for the rotary is" higher efficiency and greater momentary overload
capacity. My experience of rotaries, supplied not many years ago,
has been that the high efficiencies claimed by the makers are not
realised in practice—but perhaps the machines are now antiquated.
As regards overload capacity, it must be remembered that with the
advance in the design of rotaries, corresponding advances have been
made in other commutating machines, so much so that a good D.C.
generator running at high speed and provided with inter-poles will,
I am told, behave satisfactorily with momentary overloads up to
twice full load. Similarly, the motor portion may be very consider-
ably overloaded for short periods, so that although the rotary will
certainly have some advantage, I do not think it is necessarily a
great one.

With regard to floor space, I think it is not fair to reckon on putting
transformers in a basement or top storey. If the transformers are
oil cooled they should be grouped in' brick cells with means for '
ventilation, which can be cut off in the case one takes fire. If air-
blast transformers are used, the usual paraphernalia of air-flues, blower,
dampers, etc., are again necessary. All this should be taken into
account when considering cost and floor space. When we remember
that the adjuncts of the rotary are such details as transformers with
their low-tension cables, and sometimes low-tension switchgear, starting
motor, A.C. booster or induction regulator, exciter, and so on, it does
not appear that the adoption of rotaries conduces to simplicity.

One objection to rotaries that I have frequently met with is the
tendency to reverse their polarity if the voltage of the generating
system is momentarily lowered. I have known fairly frequent cases
where, say, half of the total number of rotaries working on the same
system have had their polarity reversed by some unusual disturbance at
the generator end. This, of course, may be very disconcerting, to put
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Mr. Field. it mildly, and I would like to ask the author if this again is confined to
antiquated machines.

I trust I may be excused if I refer to another point to which I have
already called attention in my recent paper on "Idle Currents." I
refer to the special losses in the armature conductors, if solid, owing
to the non-uniform current distribution. This must, I think, occur in
rotary converters to a more pronounced extent than in any other type
of machine, owing to the peculiar shape of the resultant current
flowing in the armature bars, i.e., the current which results from the
A.C. input and the D.C. output. This is a very irregular current,
consisting of corners and odd bits where the A.C. and D.C. currents
do not quite fit into one another, with the result that the effective
current consists of a number of high frequency terms which are
particularly active in increasing the armature losses.

In the case of large systems, the variations of frequency in the
generating station are not so likely to occur as variations in the A.C.
voltage. With motor generators, the voltage on the D.C. side will be
unaffected by variations of voltage on the A.C. side ; whereas in the
case of the rotary converter the reverse is the case. This point has
certainly been mentioned by the author, but I do not think sufficient
emphasis has been laid upon it, and in large systems .supplying
railways and other work liable to very heavy overloads and supplying
a considerable amount of lighting at the same time, the matter is likely
to be an important one.

In designing any commutating machine, it is always a matter of
great inconvenience to be tied down to some particular number of
poles. This is the case in the rotary converter where given speed
limits cannot be exceeded. On the other hand, where floor space is
very much restricted, motor generators may be built of the turbine type ;
for instance, an 850-k.w. set, 50 (\j, may run at 1,500 revolutions
per minute, and a i,5oo-k.w. set at 1,000 revolutions per minute. Such
flexibility is, of course, quite out of the question when dealing with
rotary converters.

Mr. Walker. Mr. M. WALKER (in reply) : The opponents of the rotary converter
have harped upon the complications of the booster, induction regulator,
and the various other contrivances which might be added to a rotary.
One would think after hearing the discussion that these things were all
necessary, and constituted the main drawback. As a matter of fact, they
are not necessary at all. The main method of obtaining the voltage
adjustment advocated in the paper requires none of these things. We
want only transformers with a high inductive drop—that is, cheap, well-
insulated transformers and a rotary converter. This arrangement is
giving complete satisfaction in hundreds of cases. The power factor is
sufficiently near unity under all practical conditions. It is only when
the operator wishes to have complete control over his power factor
or wishes for an exceptionally great range of adjustment, that we
advocate the use of the booster. The same thing would be necessary
under the same conditions with a motor converter. Mr. Pearce told
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us of a case in which the power factor was kept within 2 per cent. Mr. Walker.
This can be done with a rotary converter by simply increasing the
reactance in the transformer. The operation of the rotary and trans-
formers is just the same in this respect as the operation of the motor
converter. Both obtain voltage variation by drawing a leading current
through a machine containing reactance ; the higher the reactance
the less the current leads when the voltage is raised. The curve
in Fig. 2, which I consider a good one for all practical purposes,
is obtained with only 18 per cent, reactance. If we care to increase
the reactance, as is done in motor converters, and thereby decrease
the synchronising power, we can obtain just as good a curve on
a rotary as on any motor converter. The advantage of a rotary is
that we can make the reactive drpp as little as we like; This can only
be done on the motor converter by enormously increasing its cost.

Another objection which has been raised against 50-fV) rotaries is
the great number of brush arms. This is not an objection at all unless
it can be shown that the distance between the brush arms is too short.
There is no difficulty in making the distance 9^ ins., which is quite
sufficient for all practical purposes. The question is : Will a station
engineer prefer a machine with only 9^ ins. between the brushes—
which works perfectly satisfactorily in every way and saves 2 per cent,
of power, amounting to £350 per year on a 1,500-k.w. machine—or will
he prefer a machine with 12 ins. between the brushes—which does not
operate any better and wastes ^350 per year ? Is the additional 2^ ins.
worth the expense ? The number of brush arms on a rotary is, from one
point of view, a good feature. It enables the current per brush arm to
be kept within small limits. Any one having experience with corn-
mutating machines knows that it is not a good plan to have too great a
current per brush arm. A 1,500-k.w. 500-volt motor converter with
8 poles,'when working on 50 per cent, overload, has 1,125 amperes per
brush arm. A 1,500-k.w. 500-volt rotary working under the same con-
ditions has only 450 amperes per brush arm. It is well known that
under practical working conditions the current is not always equally
divided between the brush arms, and some of the brushes get into bad
condition. Experience has shown that the only way to get good results
is to keep the current per brush arm and the current density in the
brushes fairly low, so that if a brush arm is called on to yield double
its normal current, it can do so without undue heating. It is possible
by using a special grade of brush to work at current densities as high as
100 amperes per square inch, but if I were a central station engineer
with any commutating machines under my charge, I should prefer to
work with 35 amperes per square inch normally.

Some speakers have thought that a motor converter has an advantage
over a rotary in steadiness of D.C. voltage with varying A.C. voltage,
owing to the fact that it is half a D.C. generator. Mr. La Cour, how-
ever, did not raise this point : he knows more about it.

Mr. Pearce considers that there is no more risk in having a high
voltage on the armature of an induction motor than having high voltage

VOL. 88.' 29



450 WALKER: ROTARY CONVERTERS [Manchester,

Mr.Walker. o n ^ g transformers. I should like to refer him to Mr. Bowden, of
Poplar, who has had some rather unpleasant experiences with high
voltage on motor converters. It is impossible to obtain the same
factor of safety of insulation at a reasonable cost on an armature as on a
transformer. Moreover, it should be remembered that if the armature
burns out, the whole machine is shut down for a long time while it is
being rewound, whereas with a transformer it is simply a matter of
substituting a spare.

Mr. La Cour's argument in favour of a large mass in the rotating
part will hardly bear -investigation. He admits that a rotary with a
small mass can more easily follow the fluctuations in frequency, and in
that respect it is less likely to go out of synchronism. His contention
is that the high moment of inertia in the rotating part of a motor con-
verter prevents the D.C. voltage being affected by fluctuations in the
frequency of the A.C. supply. Now.it is clear that as the machine runs
synchronously it is not possible to have a displacement of more than a
fraction of a pole pitch from ihe true synchronous position. In one or
two seconds after any change has occurred in the frequency, the speed
of the machine must correspond with the new frequency, or the
machine will have lost more than a pole pitch.

One hears many stories about commutating machines standing
short circuits. My experience is that no good 500-volt commutating
machine will stand a real short circuit. If a machine is designed to
stand up to its voltage on heavy loads, the current rises to thousands
of amperes at the moment of short circuit. This causes an explosion
under the brushes which develops into an arc between the brush
holders. If this arc does not immediately clear itself the circuit
breakers come out and the machine shuts down. All commutating
machines are the same in this respect. Of course it is possible by
putting in a very high reactance on the A.C. side to limit the voltage on
heavy loads so that this danger from flashing over is reduced. This
can be done with the rotary converter as easily as with any other class
of apparatus. It is only a question of policy, as to whether a machine
is to be designed for the best running conditions, or designed to take
short circuits. The instance cited by Mr. La Cour of the motor con-
verter running from JD.C. to A.C. and turning round the steam turbines
is in no way remarkable, the same thing would have happened if
rotary converters had been running instead of motor converters.

The question has been asked as to the efficiency on overload. I may
say that all the 50-(\J rotary converters with which I have had to
deal had a steadily increasing efficiency up to 75 per cent, overload.
It was asked further why these rotaries are not rated up. The reason
is that the policy of the British Westinghouse Co. has always been to
give a rotary converter of very ample design, so that notwithstanding
arduous conditions of service, it will stand up and give satisfaction.
One of their standard 300-k.w. rotary converters will yield 450 k.w.
continuously with not more than 400 C. rise with an • efficiency of 96
per cent. The only reason why this machine is not sold for a 450-k.w.
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rotary is that the British Westinghouse Company prefer to give the user Mr. Walker.
a bigger machine with more poles and less current per brush arm,
because they know that in the long run he will be better satisfied with
it when he puts on overloads beyond the 450 k.w.

It has been said that the switchgear for a rotary converter is more
complicated and more expensive than for a motor-converter set. This
is not so. All that is required for a rotary is high-tension switchgear
and direct-current switchgear of exactly the same type as used for
motor generators. It is true that in some cases users prefer to have
switches between the transformers and the rotary. This is a matter of
taste. Where it is required it is an additional advantage in favour of
the rotary, because it would be impossible in" a motor generator.
With regard to the floor space, the figures given in the table are
based on the floor space occupied by a 500-k.w. motor converter and a
500-k.w. rotary.

Mr. Field points out that it is always a matter of great inconvenience
to be tied down to some particular number of poles. The rotary
converter gives us a wider choice in the number of poles that may be
employed than any other type of direct-current machine. For instance,
a 1,500-k.w. 50-oj rotary may economically have any even number
of poles from 4 to 30. If the voltage is very low, a large number of
poles can be chosen so as to keep down the amperes per brush arm ; if,
on the other hand, the voltage is high, a smaller number of poles is
advantageous. I have before me a drawing of a i,5oo-k.w. 50-00
rotary converter with 4 poles; the floor space of this machine is less
than half that of a motor converter, and the calculated efficiency is
about 98 per cent.

To sum up, it has been admitted even by the greatest supporters of
motor converters that the rotary is a pretty good machine, and I think
that the evidence goes further than this, and we can say that the
50-OO rotary converter is a very stable machine of great over-
load capacity, with small risk of breakdown ; that it can do everything
that a motor converter can do under the same conditions, and it is
admittedly at least i£ per cent, more efficient.

On the motion of the CHAIRMAN a unanimous vote of thanks was
accorded to the author for his interesting paper.


